Cost cutting decisions that are based on a flawed understanding of the 37 situation can lead to counter-intuitive outcomes for organisations; hence 38 practical guidance is needed to help managers consciously consider the 39 underlying epistemological assumptions in a given situation.
1.
The ability to take action, in particular related to cost reductions in service 29 systems, is strongly influenced by the understanding (epistemological 30 assumptions) underlying a decision-support tool, in this case a cost estimate.
31
2.
There is a conflict in the underlying epistemological assumptions about what provide an overview and framework. In the authors' opinions, however, the field of accident 167 investigation provides insight into socio-technical systems that can be of particular interest for 168 the analysis of service systems. Both domains are concerned with outcomes: accident 169 investigation focuses on undesired outcomes in the form of accidents or incidents, where 170 service systems deal with doing something 'right' from the customer viewpoint (hence 171 delivering value in-use) or dealing with the consequences of failing to do so. 172
Two outstanding contributions in the field of accident investigation relate to large-scale multi-173 organisational delivery systems that produced highly undesired outcomes: "The Challenger 174
Launch Decision" (Vaughan, 1997 ) deals with the explosion of the Challenger Space Shuttle 175 shortly after lift-off in 1986. "Friendly Fire" (Snook, 2002) concerns the shooting down of two 176 U.S. Army helicopters by two U.S. Air Force fighter jets in 1994. Both works were motivated by 177 the lack of insight the preceding investigations were able to provide. 178
The failure to send a shuttle into space and return it safely back to earth was attributed to a 179 single malfunctioning component and the conditions for such component being "allowed" to 180 malfunction were blamed on flawed decision making processes and individual managers 181 making the wrong decisions (Vaughan, 1997) . Vaughan contradicts these findings and gives 182 insights into why people have acted in the way they did and what the information available at 183 the time before the launch meant to those involved. In this way she provides a much more 184 elaborate analysis of the systemic conditions that enabled the outcome. 185
In the other example, the failure to provide safe transportation in northern Iraq, the official 186 investigation could not show a single culprit or "smoking gun" (Snook, 2002 ). Snook's account 187 of the events draws on detailed descriptions of the actions in their respective context. He 188 concludes that to make sense of the events a wider view, across organisational boundaries,was required and that any analysis on a single level will miss the mechanism affecting the 190 outcome. 191 A key lesson that can be learned from these analysis of socio-technical systems is that the way 192 we look at phenomena not only influences, but determines what we are able to see and in the 193 end determines what we are able to find (Dekker, 2006 (Dekker, , 2011 . This is also known as the 194 "What-You-Look-For-Is-What-You-Find" principle (Hollnagel, 2012) . Therefore, the model we 195 apply in our view on the relationship between cost and the service system is a determinant for 196 what we are able to find and ultimately do about it. were not operational. However, as the focus shifts on the target acquisition and 210 reconnaissance services in Afghanistan, it becomes clear that for this to be achieved another 211 UAS had to be leased. 212 particularly insidious, as Emblemsvåg (2003) points out. This way of categorising provides no 214 indication of whether a reduction of spending in any of these categories erodes the company's 215 future ability to deliver value by meeting customer demand. This, in turn, may trigger more 216 cost cutting -a phenomenon addressed as "death spiral" (Chinn (2013) provides an example 217 concerning military-equipment acquisition). In a downturn, companies' intent of cutting costs 218 may inadvertently result in damaging the fabric of their business by cutting "muscle" instead of 219 "fat" (George, 2010 , Coyne, Coyne & Coyne, 2010 . 220
A closer look at the direction taken in academia regarding how to cost services and service 221 systems reveals that the approaches proposed so far lack orientation toward the results that a 222 service system is meant to deliver (Settanni et al., 2011) . Often, the cost of a service system is 223 where the performance and cost of business processes, especially those experienced directly 230 by customer, is crucial for competitive differentiation (Edwards, 1999 , Rotch, 1990 ). The 231 foundation of these approaches is a focus on activities or operations within the enterprise that 232 are structured according to their logical order and dependence, and are aimed to produce a 233 specific result which is of value to internal or external customers (Hansen & Mowen, 2003 The underlying principle is that costs cannot be managed -only activities can (McNair, 1990) . 239
Therefore, in this case a cost estimate is an attention focusing device (Cooper, 1990) , raising 240 cost consciousness by continuously monitoring the behaviour of the relevant cost over time 241 (Lindholm & Suomala, 2007) . 242
What is your cost model? 243
Cost modelling has been defined as an a priori analysis that maps the characteristic features of 244 a product, the conditions for its manufacture and use into a forecast of monetary 245 expenditures, irrespective from whom (provider, customer, etc.) the monetary resources will 246 be required (Sandborn, 2013 ). An overview of issues and approaches in cost modelling is 247 outside the scope of this paper and can be found elsewhere 
Cost is an intrinsic property of products 252
A common view on cost is to assume that cost is a dependent variable that has the propensity 253 to be related statistically to the technical attributes used by the designers to characterise a 254 product or service instance, or other features of a project. This is the view adopted in 255 propose a model of avionic obsolescence cost for use in service-system contracts in which the 277 base cost of resolving an obsolescence issue must be known. 278
Cost is a necessary evil due to cost drivers 279
Another view on cost rests on an understanding of "cost drivers" as something to drive out and 280 get rid of or minimise. The expression "cost driver" is recurring in both literature and practice, 281 but often misinterpreted. As Stump (1989) points out, cost drivers are often improperly used 282 as synonyms for the cost categories in which costs are classified; the most expensive (high 283 value) item in a product; or the quantifiable product features discussed in the previous section 284 -like weight, etc. -which can be statistically related to the unit cost of a product. For example,stage of a contract for availability". 288
Underpinning this view on cost is that cost drivers are decision elements that have 289 instantaneous cash flow consequences. These decision elements are usually considered in 290 isolation. Cooper calls these models "spending models" (Cooper, 1990) . Maintenance, for 291 example, is frequently dismissed as a necessary evil. In such view maintenance efforts are 292 unwelcome activities that drive costs therefore they should be avoided. The positive 293 contribution of maintenance to the final delivery of an outcome, for example sustaining 294 production in a manufacturing plant, is simply neglected (Kelly, 2006 , Sherwin, 2000 . 295
For example, Browning & Heath (2009) demonstrate, with a case study of the F-22 production 296 line, that cutting cost can remove the necessary conditions for successful delivery of desired 297 outcome in the absence of an understanding how the system works. 298
Cost is an emergent property of a system 299
Finally, cost can be viewed as determined primarily by the dynamic behaviour of the system 300 delivering products (or services) (Storck, 2010) . In this case cost is an "emergent property", 301
and effective cost analysis must rely upon a consistent and transparent representation of the 302 context within which products and services are designed and delivered (Field, Kirchain & Roth, 303 2007) . 304
Similarly, van der Merwe (2007) highlights that insight is needed into the quantitative flow of 305 goods and services consumed and produced by the enterprise, whereas money is a meta-306 language providing a corresponding value representation of the quantitative flow. 307
In this case the knowledge required for the costing operation is more than just data and 308 information (e.g. regarding a product's cost and technical characteristics), rather, focus is onwhat the information represents, how to handle it and most importantly what action to take 310 (Naylor, Griffiths & Naim, 2001) . 311
Models of virtual cost flows based on means (enabling conditions) and ends (desired 312 outcomes) relationships within a system of interrelated operations have been developed, for 313 example, in the field of material and energy flow costing (Möller, 2010) . Another example is 314 the application of Functional Analysis, which bases cost analysis on the functions or services 315 provided through the activities performed within an enterprise and how they are achieved 316 (Yoshikawa, Innes & Mitchell, 1994) . 317
In this view, "cost drivers" are causal events which determine "why" work takes place and how 318 much effort must be expended to carry out the work (Emblemsvåg, 2003). They measure the 319 frequency and intensity of the demands placed on activities performed within an organisation, 320 hence sometimes they express the output of an activity (Raffish & Turney, 1991) . 321
This view of cost drivers allows initiatives for cost reduction to be centred on improved 322 efficiency, which measures the use of resources in activities performed in order to deliver an 323 outcome (Neely, Gregory & Platts, 2005) . 324 Table 1 program ranges from a quantity of unmanned aircraft to tactical intelligence. In the latter case 329 the Watchkeeper UAS may only be one option to deliver the outcome. Therefore, the costs 330 incurred would not be attributed to individual assets, but rather to the activities required to 331 deliver intelligence. The achievement of certification, more precisely the time needed to get 332 there, is an example for a program cost driver. Consequently, reducing the time to certification 333 leads to cost reductions. 
Comparison of perspectives 325

335
This example shows that the rationale for making decisions depends on the view we have on a 336 phenomenon. Based on our perspective the meaning something has for us changes and so do 337 our options for taking action. 338
No understanding, no action 339
One aspect which is rarely highlighted is why a cost estimate is carried out. Table 2 presents 340 some insight derived from selected academic references. 341 Table 2 Why cost estimation?
342
Often, the purpose is the generation of a one-time cost estimate independent of specific 343 organisational and industrial settings, sometimes referred to as should-cost estimating (Ellram, 344 1996) . A limitation associated with this purpose is that insight may appear to be less important 345 than "providing a number" that will get approval, e.g. for budgeting purposes (Keller, Collopy & 346 Componation, 2014). Underlying a service enterprise, also commonly referred to as Product 347
Service System (PSS), is typically an intent to benefit from long-term strategic alliances, which 348 requires an advanced service provider to understand the whole life cost of a PSS contract 349 understanding only when it is placed in context (Glazer, 1998) . what needs to be known to solve a problem (Ackoff, 1989). How well we understand a 362 phenomenon determines our abilities to anticipate or infer the future behaviour of a system 363 and accordingly whether the actions we undertake can lead to the results we desire. System 364 understanding will only emerge through intellectual effort (Burge, 2010) and costing can only 365 be insightful when it is based on an understanding of the whole delivery system. 366 very foundation of what a system is considered to be. This is namely the inability to derive the 371 system behaviour from its components in isolation, or by neglecting the constituent 372 relationships. Such attempts confirm the observation made by Dekker (2011) that the analysis 373 of systems often remains "depressingly" componential. 374
Understanding directs action to change a situation
Shared understanding through visualisation 375
It is recognised that in practice it is difficult to give adequate visibility to the processes involved 376 The value of information, or in this particular case a cost estimate, is dependent on the 384 meaning it has for the receiver, which is a result of social processes (Jakubik, 2011) The Functional Resonance Analysis Method (FRAM) (Hollnagel, 2012 ) is an approach, to 394 explain outcomes by interactions between system elements. It has been developed for 395 accident investigation and risk analysis. As such it is equipped to deal with socio-technical 396 systems to provide insights into why and how they normally succeed and occasionally fail. One 397 of its foundations is the assumption that success and failure exist for the same reasons. For 398 service provision this viewpoint is highly valuable as the insights provided include the enabling 399 conditions as well as threats for the delivery to be successful. It can capture phenomena across 400 levels, be they individual or organisational. Hence, it is suitable for use in identifying holistic 401 phenomena of socio-technical system (Hollnagel, 2012) , such as how the adaption of local 402 practices can lead to global misalignments and ultimately failure (Snook, 2002) .
The above discussion has taken us from outcomes delivered by service systems, through the 405 characteristics of systems and the reasons for estimating costs, over possible views on costs to 406 the link between understanding and taking action, which ultimately is the purpose of cost 407 estimation. The creation of understanding is rooted in how we make sense of the world. 408
Perhaps, one of the most effective ways of expressing this is in the words (Gabriel, 2013) . It comprises concepts such as insight, knowledge, 421 understanding and making sense. Therefore, epistemology is what determines how we gain 422 understanding about the world or a situation (as expressed in section 5 "No understanding, no 423 action"). 424 Table 3 shows how our underlying epistemology shapes the way we look at phenomena and 425 may try to tackle them through actions. It is based on two distinct frames of assumptions 426 about the world we live in or the phenomena we want to investigate, dualism versus duality 427 relationships. For example, success and failure are two distinctive and mutually exclusive 429 phenomena and so are service-centric and product-centric worldviews, as well as product cost 430 and service cost estimation techniques (for example Huang, Newnes & Parry, 2012). These 431 categories would be considered as complementing each other in an epistemology based on 432 dualities. With reference to the previous examples, it has been highlighted how failure and 433 success exist for the same reasons (Hollnagel, 2012) ; also it has been suggested that service 434 system costing should exploit the commonalities between products and service rather than 435 exacerbating their differences (Thenent, Settanni & Newnes, 2012 ). Park, Geum & Lee (2012) 436 highlight that in the marketing orientated view on PSS products can be separated from 437 services, whilst in engineering-oriented perspective they are organically integrated to provide 438 the outcomes that customers want. Also, the discussion in section 2 "Why service systems 439 have their peculiarities" has shown that service systems exhibit emergent phenomena 440 consistent with a 'both/and' epistemology, such as the inability to gain complete knowledge 441 about them, and success and failure being having the same roots. There is enough evidence in 442 the literature to claim that for service systems approaches that attempt to explain the system 443 behaviour by the characteristics of separated components only provide limited, if any, insight 444 (Wang et al., 2013) . 445 Table 3 known. In the absence of an agreed framework that reflects the epistemological needs of cost 485 estimation for service systems practical advice can only be focused on how to approach a 486 situation. Table 4 summarises the aspects discussed above to provide guidance for what needs 487 to be known and how it can be known. To avoid applying unsuitable methods careful 488 consideration should always be paid to the underlying assumptions about the situation at 489 hand, as shown in Table 3 . 490 Table 4 What needs to be known to estimate the cost of a service system? Methods to deal with these challenges are available, such as FRAM, although not in the field of 507 cost estimation. Therefore further work is required to adapt these methods to the needs of 508 cost estimation while retaining philosophical consistency. A case study is currently underway 509 that aims to deliver a practical approach including a proof-of-concept of a computational 510 structure which is based on a qualitative representation of the service system. 
Origin of costs
Wing span or weight of the individual UAS.
Extended time for certification.
Activities necessary before, during and after deployment.
Possible means for reduction
Reduce UAS size. Expedite certification. Manage activities. 757 Table 6 Why cost estimation? (Stewart, 1982) "To assure maximum productivity, it is necessary to have an accurate estimate of the costs required to accomplish a job before it started and to efficiently and effectively manage the job within the cost constraint established".
(Korpi & Ala-Risku, 2008) To support: affordability studies; source selection studies; design tradeoffs; repair level analysis; warranty and repair costs; sales strategies. (Newnes et al., 2008) To help designers to modify a design in order to achieve both proper performance and cost.
(Roy, 2003) To influence the go or no-go decision concerning a new development.
(Xu et al., 2012) "In Cost Engineering, normally knowing cost is not the final aim. More often, it is desired to know where to reduce cost and if customers can afford the product/project cost." (Ellram, 1996) Understand the true cost of buying a particular good or service from a particular supplier.
(Asiedu & Gu, 1998) (1) Alternative system/product operational utilization and environmental profiles (i.e. consumer user plans); (2) Alternative system maintenance concepts and logistics support policies; (3) Alternative equipment design configurations (4) Alternative production approaches (5) Alternative procurement sources and the selection of a supplier for a given item; (6) Alternative product distribution channels (7) Alternative maintenance plans (8) Alternative product disposal and recycling methods; (9) Alternative management policies and their impact on the system. 
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Either/or (Dualism, polarity) Both/and (Duality, complement)
Theoretical frame
Categories (e.g. breakdown structure). Practices, pragmatism.
Characteristics of investigated phenomenon
Object is frozen in time; phenomena have a separate identity.
Object is continuously shaping and being shaped by situated practice; phenomena are mutually constitutive.
Causality
Uni-directional; deterministic. Cyclical, circulating, emergent.
World
Finite; completely knowable. Infinite within parameters (i.e.
constantly changing yet staying the same); not completely knowable.
Place for paradox / contradictions
Contradictions do not exist; they are a sign that categories and models are not sufficiently granular.
Embraces contradiction and paradox; considers opposing forces operating simultaneously.
Success / failure
Can be distinguished and failure can be eliminated.
Both have the same origins.
